Background. Despite a wide development in aortic leaflets repair techniques, aortic valve annuloplastic procedures are still poorly investigated. We present our aortic valve annuloplastic system consisting of a handmade prosthetic ring with 2 components for reshaping the aortic annulus and sinotubular junction (STJ) and illustrates our surgical approach and clinical results. 
Background. Despite a wide development in aortic leaflets repair techniques, aortic valve annuloplastic procedures are still poorly investigated. We present our aortic valve annuloplastic system consisting of a handmade prosthetic ring with 2 components for reshaping the aortic annulus and sinotubular junction (STJ) and illustrates our surgical approach and clinical results.
Methods. Since February 2003, 45 patients with aortic valve regurgitation underwent aortic annuloplasty using the new ring. Mean patient age was 58 ؎ 16 years (range, 46 to 76 years). The ring has 2 components: a circular ring used to undersize the circumference of the aortoventricular junction and 3-crown-like shape ring used for STJ remodeling. The circular ring was sutured into the left ventricular outflow tract in the aortic subvalvular position and the STJ ring was sutured from the outside of the aortic root just at the level of the STJ. The 3 vertical bands of the STJ ring were fixed to the underlying circular ring to stabilize the continuity between the STJ and nadir of the aortic valve.
Results. No in-hospital death occurred. Two patients had residual trivial aortic valve regurgitation postoperatively, and 3 patients required treatment for residual aortic regurgitation (more than mild). Mean length of the coaptation surface was 10 ؎ 2 mm. The mean clinical follow-up (100% complete) was 22 ؎ 16 months. All patients were free from cardiac and valve-related events, and no complications due to ring implantation occurred.
Conclusions. This ring reshapes the functional aortic annulus and stabilizes all components of the native aortic valve stent to improve long-term results of valve repair.
(Ann Thorac Surg 2011;91:1154 -8) © 2011 by The Society of Thoracic Surgeons N owadays, aortic valve repair (AVR) has evolved into an accepted treatment for patients with aortic regurgitation (AR). Recently, the results of AVR have dramatically improved, encouraging a wide interest and practice in aortic valve reconstruction [1] [2] [3] [4] [5] [6] [7] [8] [9] . This is due to lessons learned from mitral valve reconstructive operations when concomitant treatment of the leaflets diseases and annulus reshaping by a prosthetic ring emerged as optimal surgical choice with excellent long-term results. Moreover, annulus reshaping emerged as a fundamental step in mitral valve repair because it stabilizes the valve repair, improves the coaptation surface of the leaflets, and decreases closing stress, leading to better outcomes. So, in our opinion, the same concepts must be transferred to the AVR.
Understanding the mechanisms of aortic valve dysfunction and the etiology of lesions has greatly aided surgeons in techniques development. Several surgical techniques have been described to correct AR, according to the mechanisms of cusps dysfunction. Aortic cusp prolapse has been corrected by techniques attempting to shorten the free margin. The most commonly described techniques are plication, triangular resection, free margin resuspension using a Gore-Tex suture (W. L. Gore and Associates, Flagstaff, AZ), and our approach, previously described, the chordae technique [10] Dr Fattouch discloses that he has a financial relationship with the Aortic Annuloplastic System. Canada) composed of 2 components for the treatment of both dilatation of the aortic valve annulus and of the sinotubular junction (STJ) [14] .
We present a new approach to reshaping the functional aortic annulus and to stabilizing the continuity between the STJ and the nadir of the aortic valve (the aortoventricular junction). To achieve our goals, we designed a new prosthetic ring, and in the present study illustrate our surgical approach and describe our clinical results.
Material and Methods

Patients
Since February 2003, 196 patients with AR have undergone AVR in our institutions, among whom we used our aortic valve annuloplasty approach in 45 patients. Exclusion criteria were patients with dilatation of the aortic root or the ascending aorta exceeding 4.5 cm, or both, and those with poor aortic wall quality who underwent aortic valve-sparing reimplantation or an ascending aorta replacement procedure.
Demographics and preoperative clinical characteristics of this cohort of patients are reported in Table 1 
Components of the Aortic Annuloplasty System
The new ring is has 2 components. The first is a circular ring used to undersize the circumference of the aortic valve nadir (the aortoventricular junction; Fig 1A) . The second is a 3 crown-like shaped ring used for the STJ remodeling (Fig 1B) . The circular ring was constructed by the Simplici-T band (Medtronic, Minneapolis, MN). A Dacron graft (InterVascular Inc, Montvale, NJ) was scalloped to construct the ring for the STJ.
Surgical Technique
Our systematic approach to the aortic valve has been described in previous reports [10] . Cusp prolapse was treated by plication, free-edge reinforcement, or "the chordae technique." The plication technique was performed using a 6-0 Prolene suture (Ethicon Inc, Hamburg, Germany) placed in the central zone of the free margin of the cusp and extended perpendicularly from the free margin, about 5 mm through the belly of the leaflet to decrease cusp distension. The free edge reinforcement technique was performed using a CV-6 or CV-7 Gore-Tex suture passed in running fashion over and over, along the entire length of the free margin. Free margin shortening was obtained by applying tension on both Gore-Tex suture arms, which were locked at the level of the commissures when appropriate correction was reached.
All patients underwent aortic valve annuloplasty using our new approach. The circular ring was fixed into the left ventricular outflow tract just below the aortic valve nadir (the aortoventricular junction; Fig 2) and the 3 crown-like shaped ring was sutured to the STJ from the outside of the aortic root (Fig 3) .
The circular ring was fixed into the left ventricular outflow tract in the subvalvular position. Ti-Cron 2-0 U stitches (Coviden, Mansfield, MA) were placed first on the prosthetic ring from inside to outside and subse- quently under the aortic leaflets like in the David procedure from inside to outside. Ti-Cron sutures were placed under the entire circumference of the aortic valve, except for the interleaflet triangles (Fig 4A) . In this way, the interleaflet triangles were above the suture line and remained free to move during the cardiac cycle, reducing leaflets stress (Fig 4B) . Under the coronaries ostia, the Ti-Cron U stitches were placed through the aortic annulus from the ventricular side to the aortic side (as in valve replacement); in this way, we avoided the coronaries ostia mobilization that leads to easier and faster technique (Fig 4A) . The STJ ring was sutured from outside of the aortic root just at the level of the STJ using 4-0 Prolene sutures. The ring was sutured to the aortic wall using an overand-over running suture technique or by interrupted sutures. At the end of the procedure, the 3 vertical bands of the STJ ring were fixed to the underlying circular ring to stabilize the continuity between the STJ and the nadir of the aortic valve. The length of the 3 arms coming down was determined at the end of the procedure and was selected according to the distance between the STJ ring and the circular aortic ring. We took care to make the length of the arms not too short but slightly longer, to leave place for the root distension during cardiac cycle. The role of the 3 arms was to stabilize the distance between the aortic ring and the STJ ring and to avoid future upward displacement of the STJ in cases of ascending aorta or aortic root dilation.
Sizing Method
In all patients, the size (diameter) of the prosthetic circular ring was calculated according to the height of the leaflet measured from the Noduli of Arantius to the base of the cusp (Fig 5) . The 3 leaflets were considered as the 3 triangles that cover the entire surface of a circle (the ring). Moreover, it must be left about 8 mm from the free margin of each cusp into the coaptation surface. We preferred to select the diameter of the ring according to the height of the smallest cusp because in this way we have the security of obtaining a good coaptation between all cusps.
The circular ring size must be calculated following the current formula Radius (r) of the ring ϭ height of the cusp -8 mm.
The ring diameter used in our series was between 20 and 22 mm. The surface of the ring was between 3.14 and 3.8 cm 2 (diameter of the ring ϭ 2r; surface of the ring ϭ r 2 ). The size of the STJ ring was calculated by the diameter of the native STJ plus 3 to 4 mm. We used the Hegar sizer to measure exactly the diameter between the tips of the 3 commissures, taking the aortic valve in the closing position, and we added the thickness of the aortic wall. In our approach, the STJ ring is used to stabilize the STJ to avoid future dilatation. Accuracy must be taken to avoid the use of an undersized STJ ring because it leads to inward displacement of the commissures that may lead to cusps prolapse. No in-hospital death occurred. The mean postoperative hospital stay was 8 Ϯ 2 days. At hospital discharge, the TTE control showed a trivial residual central AR in 2 patients. Mean length of the coaptation surface was 10 Ϯ 2 mm. In all patients this approach was feasible, easy, and safe. free to move during the cardiac cycle, reducing the stress on the leaflets. Moreover, there are no anatomic limitations to the ring insertion within the left ventricular outflow tract, and the coronaries ostia are still untouched.
Results
Aortic
The STJ ring suturing technique is very easy and was performed by a running suture using 4-0 Prolene or by interrupted sutures. At the end of the procedure, the 3 bands of the ring must be sutured and fixed to the underlying circular ring. In this manner we stabilize the continuity between the STJ and the nadir of the aortic valve and we reshape completely the functional aortic annulus. The sizing technique of the ring is easy and was efficient in all cases.
We performed our approach for aortic annuloplasty in 45 patients in combination with cusps treatment. When the procedure was completed, the leaflets coaptation was high, and valve competency was easily determined by transesophageal echocardiographic examination. No restrictive leaflet motion or aortic valve stenosis were observed intraoperatively or at follow-up. Trivial to mild AR occurred in only 4 patients (9%). Although valve competency and leaflets motion are satisfactory in the immediate and medium-term, further experience and long-term follow-up are need to evaluate the durability and efficacy of this technique. In our opinion, this technique is easy, safe, and reproducible.
